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The Study of Aortic Stiffness in Different 
Hypertension Subtypes in Dialysis Patients

Li-Tao CHENG1),2), Hui-Min CHEN1),3), Li-Jun TANG1),4), Wen TANG1), 

Hai-Yan HUANG2), Yue GU1), and Tao WANG1),2)

The aim of this study was to validate whether differences in aortic stiffness are responsible for the differ-

ences in cardiovascular mortality among hypertension subtypes. Twenty hundred and fifty continuous

ambulatory peritoneal dialysis patients were included in the present study. They were classified into four

groups: normotensives (n=92) with systolic blood pressure (SBP) <140 mmHg and diastolic blood pressure

(DBP) <90 mmHg; isolated systolic hypertensives (ISH, n=84) with SBP ≥140 mmHg and DBP <90 mmHg;

isolated diastolic hypertensives (IDH, n=21) with SBP <140 mmHg and DBP ≥90 mmHg; and systolic-dias-

tolic hypertensives (SDH, n=53) with SBP ≥140 mmHg and DBP ≥90 mmHg. Aortic stiffness was assessed

by pulse pressure, central pressure parameters and pulse wave velocity. The IDH group had more male

patients and a lower mean age than the other groups. The percentage of diabetes in the ISH group was

higher than that in the other groups. The comparisons of aortic stiffness showed that the ISH and SDH

groups had higher aortic stiffness than the normotension and IDH groups. The aortic stiffness in the ISH

group was also higher than that in the SDH group, but there was no significant difference in aortic stiffness

between the normotension and IDH groups. In conclusion, this study showed that aortic stiffness was sig-

nificantly different among different hypertension subtypes, which might be an underlying cause of the dif-

ferences in cardiovascular mortality among the hypertension subtypes. (Hypertens Res 2008; 31: 593–599)
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dialysis

Introduction

Hypertension is usually diagnosed as an elevation of both sys-
tolic and diastolic blood pressure (SBP and DBP, respec-
tively) (1). However, it is not uncommon to see clinical cases
in which only the SBP or only the DBP criterion is met. Such
patients are considered to have isolated systolic hypertension
(ISH) or isolated diastolic hypertension (IDH), which are
noticeably distinct from the traditional systolic-diastolic
hypertension (SDH) (1). Previous studies have shown that the

prevalence of these hypertension subtypes is dramatically dif-
ferent in different age populations. According to the Third
National Health and Nutrition Examination Survey
(NHANES III, 1988 to 1991) (2), IDH is the most frequent
form of hypertension in young adults <40 years old while
IDH and SDH are equally prevalent in those aged 40 to 49
years. In contrast, ISH is the dominant form of hypertension
from the sixth decade of life and beyond (2, 3).

However, it is even more interesting to note that different
hypertension subtypes seem to have different risk for cardio-
vascular events, and thus different prognoses. Previous stud-
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ies have shown that ISH is associated with an increased risk
of cardiovascular morbidity and mortality as compared with
SDH (4–6). In the case of IDH, the limited number of studies
tends to suggest that this specific subtype is characterized
with lower risk of cardiovascular mortality than ISH and SDH
(7–10). Among these studies, one performed in Japan found
that the risk of cardiovascular mortality in IDH patients is
even lower than that in normotensive subjects (9).

The underlying mechanisms responsible for the differences
in cardiovascular mortality among hypertension subtypes
remain speculative. Although ISH is known to be a manifes-
tation of increased aortic stiffness (11–13), it is still not clear
whether other subtypes of hypertension, especially IDH, are
associated with higher aortic stiffness as compared with nor-
motension. To date, there has been no systematic study of the
difference of aortic stiffness among different hypertension
subtypes. In the present study, we employed a series of indi-
ces of aortic stiffness and tried to address this question in a
group of continuous ambulatory peritoneal dialysis (CAPD)
patients.

Methods

Study Population

CAPD patients were enrolled from our Peritoneal Dialysis
Center. The exclusion criteria were: 1) dialysis duration of
less than 3 months; 2) manifestation of congestive heart fail-
ure; and 3) hypotension (defined as SBP <90 mmHg and/or
DBP <60 mmHg). Based on these criteria, 250 of the total of
314 patients registered in our center at that time were consid-
ered to be eligible for the present study. Written informed
consent was obtained from every patient, and the ethics com-
mittee of Peking University approved the study protocol.

Measurement of Brachial Blood Pressure

To ensure the accuracy of measurements, a dedicated renal
nurse was placed in charge of all blood pressure (BP) mea-
surements; the nurse performed the measurements according
to strict instructions but was not aware of the study protocol
or objective. The mercury sphygmomanometer used was cal-
ibrated regularly. BP was measured in the morning (at
between 7:45 and 10 AM) during the study months (from
June to July, 2006). The patients were asked to take their
usual antihypertensive medications, and were apprised of the
potentially dangerous outcome of abruptly withdrawing these
medications. However, they were asked not to take breakfast,
since fasting plasma was to be taken for biochemical exami-
nation. All measurements were performed in a quiet room.
Brachial BP was measured twice in a sitting position after
patients had rested more than 10 min. If the patient’s right
arm had an arteriovenous fistula, BP measurement was car-
ried out in the contralateral arm. Phase I and V of the Korot-
koff sounds were taken respectively as SBP and DBP. Both

SBP and DBP were taken as the average of two measure-
ments. Brachial pulse pressure (PP) was calculated as SBP
minus DBP.

Classification of the Subtypes of Hypertension

According to their brachial BP levels, these patients were
classified into four subtypes: 1) normotensives (1): SBP <140
mmHg and DBP <90 mmHg; 2) isolated systolic hyperten-
sives (ISH) (1): SBP ≥140 mmHg and DBP <90 mmHg; 3)
isolated diastolic hypertensives (IDH) (14): SBP <140
mmHg and DBP ≥90 mmHg; and 4) systolic-diastolic hyper-
tensives (SDH) (1): SBP ≥140 mmHg and DBP ≥90 mmHg.

Measurement of Central Pressure Parameters

The measurement of central pressure parameters was per-
formed by radial applanation tonometry. The radial pressure
waveform was measured by a Millar piezoresistive pressure
transducer (SPC-301; Millar Instruments, Houston, USA)
connected to an arterial waveform analysis device (Sphygmo-
Cor v7; AtCor Medical, Sydney, Australia). The aortic wave-
form was simulated and calculated out through a validated
mathematical transfer function (SphygmoCor software sys-
tem) to determine the central augmentation pressure (AP) and
central pulse pressure (C-PP) (15, 16). The augmentation
index (AIx) was then calculated as AP divided by C-PP. The
mean value of three consecutive measurements was taken for
each subject. All measurements were performed by the same
investigator (H.-Y. H.) to avoid inter-observer error. The
intra-observer coefficient of variation (CV) was about 5% for
AIx (range: 1.6 to 7.8%). All patients received this measure-
ment.

Measurement of Pulse Wave Velocity

The carotid-femoral pulse wave velocity (PWV) measure-

Table 1. Demographic Characteristics of the Study Popula-
tion

Number of patients 250
Male/female 109/141
Age, years 60±13
Weight, kg 61±11
Height, cm 160±8

Body mass index, kg/m2 24±4
Dialysis duration, months 24±19
Etiology of uremia, %

Chronic glomerulonephritis 31
Hypertension 24
Diabetes 20
Tubulo-interstitial nephritis 16
Unknown 9
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ments were performed in all patients. The aortic PWV was
determined using an automatic device, the Complior (Colson,
Garges les Gonesses, France) (17), which allowed on-line
pulse wave recording and automatic calculation of PWV. The
common carotid artery and femoral artery pressure wave
forms were recorded non-invasively using a TY-306 Fukuda
pressure sensitive transducer (Fukuda, Tokyo, Japan). Mea-
surement was repeated over 10 different cardiac cycles, and
the mean value was used for the final analysis. The distance
traveled by the pulse wave was measured over the body sur-
face as the distance between the two recording sites (D),
while the pulse transit time (t) was automatically determined
by the Complior. PWV was automatically calculated as
PWV=D/t. The details of this automatic method, as well as
its validation and reproducibility, have been reported previ-
ously (17). All the PWV measurements were performed by
one doctor (L.-J. T.) and the intra-observer CV ranged from
1.74% to 7.95%.

Statistical Analysis

Continuous variables were expressed as the means±SD while
categorical variables were expressed as percentages or ratios.
The comparison of continuous variables among different
hypertension subgroups was performed by using ANOVA
(for post hoc analysis, SNK was performed if equal variance

was assumed and Tamhane’s T2 test was performed if equal
variance was not assumed). To control the confounding effect
of age, gender, diabetic status and dialysis duration on PWV,
the comparison of PWV among the four hypertension sub-
types was performed with covariate analysis by treating these
confounding factors as covariates. The comparison of cate-
gorical variables among different hypertension subtypes was
performed by using the χ 2 test. All tests were two-sided. A
value of p<0.05 was taken as statistically significant. All
analysis was completed with SPSS software, version 11.0
(SPSS, Chicago, USA).

Results

Demographic Characteristic of the Study Popula-
tion

The demographic characteristic of the study population are
shown in Table 1. Among the 250 patients studied, 109 were
males and 141 were females. The mean age was 60±13 years.
The mean body mass index (BMI) was 24±4 kg/m2. The
mean dialysis duration was 24±19 months. The etiologies for
uremia were: chronic glomerulonephritis (31.2%), hyperten-
sion (24.0%), diabetes (20.0%), tubulo-interstitial nephritis
(16.0%) and unknown (11.2%).

Table 2. Comparison of Demographic Characteristics among the Different Hypertensive Subtypes

Normotension ISH IDH SDH

No. of patients 92 84 21 53
Percentage, % 37 34 8 21
Male/female# 34/58 35/49 15/6 25/28
Age, years 64±12b,z 63±11 48±14‡ 52±13‡

Weight, kg 60±10x 62±11 66±9 62±13
Height, cm 159±8y 160±8 165±6† 162±8
BMI, kg/m2 24±3 24±4 24±4 24±4
PD duration, months 25±17 28±23 20±14 20±12*
Diabetes, %# 23.9 44.0 14.3 17.0
SBP, mmHg 122±11‡,b 154±18¶ 127±6‡,b 159±14
DBP, mmHg 71±9‡,b,z 76±7 92±3‡,§ 98±6‡

AHM, %# 61 80 62 81
BUN, mmol/L 21±5¶ 22±6 23±5 23±6
Creatinine, μmol/L 743±249¶ 757±243 790±264 854±314*
Albumin, g/L 37±4y 37±3 40±4†,§ 37±3
TCHO, mmol/L 5.5±1.4 5.3±0.9 5.2±1.0 5.1±1.2
pKt/V 1.3±0.5 1.3±0.4 1.2±0.4 1.2±0.4
rKt/V 0.5±0.6 0.4±0.5 0.7±0.7 0.5±0.6
tKt/V 1.8±0.5 1.8±0.4 1.8±0.5 1.8±0.6

ISH, isolated systolic hypertension; IDH, isolated diastolic hypertension; SDH, systolic-diastolic hypertension; BMI, body mass index;
PD, peritoneal dialysis; SBP, systolic blood pressure; DBP, diastolic blood pressure; AHM, antihypertensive medication; BUN, blood
nitrogen urea; TCHO, total cholesterol; pKt/V, peritoneal Kt/V; rKt/V, renal Kt/V; tKt/V; total Kt/V (rKt/V+pKt/V). Compared with
ISH: *p<0.05; †p<0.01; ‡p<0.001. Compared with SDH: ¶p<0.05; §p<0.01; bp<0.001. Compared with IDH: xp<0.05; yp<0.01;
zp<0.001. #p<0.05 by χ 2 test.
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Comparisons of Demographic Characteristic and
Biochemical Variables among Different Hyper-
tension Subtypes

The comparisons of demographic characteristic and biochem-
ical variables among different hypertension subtypes are
shown in Table 2. There were 92, 84, 21 and 53 patients in the
normotension, ISH, IDH and SDH subtype groups, respec-
tively. The distribution of hypertension subtypes was as fol-
lows: normotension (37%), ISH (34%), IDH (8%) and SDH
(21%). The gender distribution, weight and BMI among the
normotension, ISH and SDH groups were not significantly
different. However, the IDH group had a larger proportion of
male patients as compared with the other subgroups
(p<0.05). In addition, patients in the IDH group were the
youngest among the four subtypes, while normotensive
patients were significantly older than those in the IDH and
SDH groups (p<0.001). The weight was comparable among
the four groups, except that the weight in the normotension
group was significantly lower than that of the IDH group
(p<0.001). The body heights in the normotension and ISH
groups were significantly lower than that of the IDH group
(p<0.01), while the difference of height among the other
groups was not significant. The dialysis duration among the
four groups was comparable, except that it was significantly
shorter in the SDH group than in the ISH group. Compared
with the ISH group, the proportions of diabetes in the other
three groups were significantly lower (p<0.05). Compared
with the ISH and SDH groups, the normotension and IDH
groups had significantly lower SBP (p<0.001). The SBP in
the ISH group was also lower than that in SDH group, but
there was no significant difference in SBP between the nor-
motension and IDH groups. The DBP values in the IDH and
SDH groups were significantly higher than those in the nor-
motension and ISH groups (p<0.001), respectively. In addi-
tion, the DBP in the ISH group was also higher than that in the
normotension group (p<0.001). The proportion of patients
under antihypertensive medication was significantly different
among the four groups (p<0.05), and this proportion in the
normotension and IDH groups was lower than that in the ISH
and SDH groups. Blood urea was comparable among the four
groups except that it was significantly lower in the normoten-

sion group as compared to the SDH group (p<0.05). The cre-
atinine in the SDH group was significantly higher as
compared to the normotension and ISH groups (p<0.05), but
the difference of creatinine among the other groups was not
significant. The serum albumin in the IDH group was signifi-
cantly higher than that in the other three groups (p<0.01),
while albumin was not significantly different among the nor-
motension, ISH and SDH groups. No significant difference in
total cholesterol or the indices of dialysis adequacy (renal
Kt/V [rKt/V], peritoneal Kt/V [pKt/V] and total Kt/V
[tKt/V]) was observed among the four subgroups.

Comparisons of Brachial PP and Simulated Cen-
tral Pressure Parameters among Different Hyper-
tension Subtypes

The results of the comparisons of brachial PP and simulated
central pressure parameters among the different hypertension
subtypes are shown in Table 3. The ISH and IDH had the
highest and lowest brachial PP among the four hypertension
subtypes, and all comparisons between any two groups were
statistically significant (p<0.001). The simulated central AP
and C-PP showed a pattern of difference similar to that for
brachial PP. However, there was no significant difference in
AIx among the four hypertension subgroups.

Comparison of PWV among the Different Hyper-
tension Subtypes

The results of the comparison of PWV among the different
hypertension subtypes are shown in Fig. 1. The ISH and IDH
groups had the highest (13.7±2.0 m/s) and lowest PWV
(10.3±1.8 m/s) among the four hypertension subgroups (Fig.
1). The PWV values in the normotension and SDH groups
were 10.4±1.6 m/s and 11.9±3.0 m/s, respectively. The PWV
values in the normotension and IDH groups were signifi-
cantly lower than those in the ISH and SDH groups (p<0.05).
Compared with the SDH group, the ISH group also had
higher PWV (p<0.05), while the difference in PWV between
the normotension and IDH groups was not significantly dif-
ferent.

Table 3. Comparison of Brachial PP and Simulated Central Pressure Parameters among the Different Hypertension Subtypes

Normotension ISH IDH SDH

PP, mmHg 51±12‡,b,z 78±20 35±6‡,b 61±14‡

AP, mmHg 11±6‡,¶,y 19±9 7±3‡,b 15±7†

C-PP, mmHg 39±12‡,b,z 63±17 27±6‡,b 48±13‡

AIx, % 25.8±9.6 27.0±8.3 24.7±6.3 28.4±8.3

ISH, isolated systolic hypertension; IDH, isolated diastolic hypertension; SDH, systolic-diastolic hypertension; PP, pulse pressure; AP,
augmentation pressure; C-PP, central pulse pressure; AIx, augmentation index. Compared with ISH: †p<0.01; ‡p<0.001. Compared
with SDH: ¶p<0.05; bp<0.001. Compared with IDH: yp<0.01; zp<0.001.
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Discussion

The major discovery in the present study was that the aortic
stiffness was significantly different among different hyper-
tension subtypes: ISH and SDH patients had higher aortic
stiffness than normotensive and IDH patients, and ISH
patients also had higher aortic stiffness than patients in the
SDH group, while there was no significant difference in aortic
stiffness between the normotensive and IDH groups. To our
knowledge, this is the first study to systemically evaluate the
difference of aortic stiffness among the different hypertension
subtypes.

Indices to Assess Aortic Stiffness

This study employed a series of indices (brachial PP, simu-
lated central pressure parameter and PWV) to assess aortic
stiffness in the study population (Table 3 and Fig. 1). In recent
years, brachial PP has been increasingly recognized as a sur-
rogate of aortic stiffness because it increases with advancing
age (18, 19). Using brachial PP as the index of aortic stiffness,
this study showed that the ranks of aortic stiffness from high
to low were ISH, SDH, normotension and IDH. However,
brachial PP is also under the influence of factors other than
aortic stiffness, such as heart rate, cardiac contractility,
venous pressure and the amplification phenomenon (20, 21),
which determines that brachial PP is not an ideal index of aor-
tic stiffness. We therefore employed other indices—central
pressure parameters to assess aortic stiffness. Theoretically,
central pressure parameters are the direct measurements of
aortic stiffness. The pressure wave generated by left ventricu-
lar ejection travels from the aorta to the periphery and reaches
the peripheral reflection site, then travels back to the heart. As

the aorta becomes stiffer, such as seen in the process of aging,
the pressure wave travels faster and returns to the heart ear-
lier. The earlier arrived waveform will tend to fall in the late
systole and superimposes on the forward wave, thereby
increasing AP and C-PP (22, 23). By employing the AP and
C-PP as indices of aortic stiffness, we were able to show that
ISH and SDH patients had significantly higher aortic stiffness
than the IDH and normotensive patients, which was consis-
tent with the comparison using brachial PP as the index of
aortic stiffness. It should be noted that another central pres-
sure parameter, AIx, was not significantly different among
the four hypertension subtypes. This might have been due to
the masking effect of AIx calculation. Our previous work
showed that AP and C-PP usually increased simultaneously
when the aorta became stiffer, while AP and C-PP were used
as the numerator and denominator in the formula used to cal-
culate AIx (24). Therefore, there appears to be a mathematical
flaw in the formula for calculating AIx, with the result that the
changes in aortic stiffness are not reflected sensitively by AIx.
On the other hand, although central pressure parameters are
theoretically ideal indices of aortic stiffness, they are gener-
ated by a mathematic transfer function rather than actually
being measured in an invasive fashion. Given the criticism of
this mathematical transfer function in the literature (25, 26), it
seems not appropriate to consider these central parameters as
ideal indices of aortic stiffness. To validate the above results,
we further introduced carotid-femoral PWV as a true marker
of aortic stiffness. PWV is recommended as one of the best
methods for measuring aortic stiffness (20, 27) and is the
measure used in most large clinical studies (28–30). Our
study showed repeatedly that PWV was highest in the ISH
group, followed by the SDH, normotension and IDH groups,
although the difference in PWV between the IDH and normo-
tension groups was not significant (Fig. 1). Therefore, the
present study clearly demonstrated the difference in aortic
stiffness among the different hypertension subtypes, since
brachial PP, central pressure parameters and PWV were all
employed as indices to assess aortic stiffness.

Power of Reproducibility in the Present Study

In the present study, IDH accounted for about 8% of all study
patients, which was very similar to the reported range of 6%–
9% for this subtype in the National Health Examination Sur-
vey (NHES) (31) and National Health and Nutrition Exami-
nation Survey (NHANES) (32). We also found that the mean
age in the IDH subtype group was 48±14 years, which was
significantly younger than the mean ages in the ISH and nor-
motension subtype groups (Table 2), a result very similar to
previous studies addressing the prognostic value of IDH and
other hypertension subtypes (7–10). This result was also con-
sistent with a previous conclusion that IDH was the most fre-
quent form of hypertension in young adults (2). However, this
discrepancy in age among the different hypertension subtypes
limited our ability to draw definitive conclusions, since age is

Fig. 1. Comparison of carotid-femoral pulse wave velocity
(C-F PWV) among the different hypertensive subtypes. ISH,
isolated systolic hypertension; IDH, isolated diastolic hyper-
tension; SDH, systolic-diastolic hypertension.
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a well-known factor influencing aortic stiffness (33). There-
fore, the finding that aortic stiffness differed among hyperten-
sion subtypes could not be accepted as definitive, despite the
fact that brachial PP and central pressure parameters indicated
such a variation. To overcome this intrinsic discrepancy in
age and other confounding factors, such as diabetic status,
gender, dialysis duration and antihypertensive medication, a
covariate analysis was performed, in which all these con-
founding factors were treated as covariates. The results
showed that the differences in carotid-femoral PWV among
the four groups were still significant (Fig. 1). Therefore, it
was reasonable to conclude that the difference in aortic stiff-
ness among the different hypertension subtypes was not
affected by the intrinsic discrepancy in age and other possible
confounding factors.

Isolated Diastolic Hypertension: An Independent
Subtype of Hypertension

Although IDH has been recognized for a long time, there is
still some skepticism about its status as an independent sub-
type of hypertension (34). The opponents claim that IDH
might be derived from a misclassification of normotension or
ISH, since an overestimation of DBP or underestimation of
SBP by the auscultation method cannot be completely ruled
out (34). We agree that this situation is possible in some
patients receiving office BP measurements. However, a study
in Japan that classified hypertension subtypes by averaging
several home BP measurements was still able to show that
IDH was associated with better prognosis (9). Specifically,
the IDH patients had a lower risk of cardiovascular mortality
than the normotensive patients in that study (9). If IDH was
really generated by a misclassification of normotension, it
seems unlikely that such a difference in cardiovascular risk
would be seen between IDH and normotension. Furthermore,
a recent report by the Framingham group found that the pos-
sibility of IDH transforming into SDH was significantly dif-
ferent from the possibility of normotension developing into
SDH (35). In summary, these studies showed clearly that IDH
was an independent subtype of hypertension in clinics.

It should be noted that certain indices of fluid status, such as
the cardiac and thoracic ratio (CTR), Vena Cava diameter or
atrial natriuretic peptide levels, would have contributed
greatly to the present analysis, had they been available, since
fluid overload is widely recognized to play an important role
in the pathogenesis of hypertension in dialysis patients (36). A
previous study has shown that fluid overload is very common
in dialysis patients (36), and hypertensive dialysis patients
usually have more extracellular water than normotensive dial-
ysis patients (37). Whether fluid status also has some effect on
aortic stiffness is not clear at present, but we believe that the
availability of these indices would help us to understand more,
if not all, about the underlying mechanism of the present find-
ings. A future study employing such measurements of fluid
status is warranted to address this important issue.

Limitations of the Present Study

This study had some limitations. First, it was a cross-sectional
study, which prevented us from drawing any definitive con-
clusions regarding causality. Second, it was performed in a
relatively elderly population (the mean age was 60 years),
which meant that the sample in the IDH group was especially
small, because this type of hypertension is mainly observed in
young subjects. There is thus need of a future study employ-
ing young subjects to validate our results. Third, the percent-
age of patients under antihypertensive medication was high
(range: 61 to 81%), which was fairly typical in dialysis
patients. Although this percentage in the normotensive and
IDH groups was lower than that in the ISH and SDH groups,
it was still possible that different antihypertensive categories
or doses in different hypertension subtypes might have
affected the assessment of aortic stiffness. A future study per-
formed in untreated subjects could overcome this limitation,
although such an investigation would be difficult. Finally, the
classification of hypertension subtypes was based on office
BP measurements. Although much effort was made to mini-
mize the influence of the white-coat effect and circadian vari-
ation in BP, we believe that 24-h ambulatory BP monitoring
would provide better information for BP classification.

In conclusion, this cross-sectional study performed in
CAPD patients showed that the aortic stiffness was signifi-
cantly different among different hypertension subtypes: ISH
and SDH patients had higher aortic stiffness than normoten-
sive and IDH patients. The aortic stiffness in the ISH group
was also higher than that in the SDH group, while there was
no significant difference in aortic stiffness between the nor-
motension and IDH groups. This result may help to clarify the
power of hypertension subtypes to predict cardiovascular
mortality.
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